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3/634 /1/00/023/010/06% 


cerns, s B108/B147 
AUTHORS: «Kuznetsov, V, ¥., Rybakov, B. Me. 
PITLEs : Effect of hydrogen-absorption catalysts on :the ‘nydrogen 


overvoltage on nickel in sulfuric acid 


PERIODICAL: Referativnyy zhurnal, Khimiya, no: 23, 1961, 70, abstract 
a 238530 ("Izv. Yestestvennonauchn, un~ta pri’ Permsk,. un- te", 
v.14, no, 4, 1960, 13 = 18) * 


TEXT: The effectsof additions of AsO, (3, 3 - 132 mg/liter) and Se0, ae 


(5 - 125 mg/liter) on the hydrogen overvol tage » at i = 6:10" 23.748 107 Sap 
‘and on the stationary potential 3 of a Ni electrode in an 0.1.N H5804 8, a ES 
have been studied, The sample of cpectroscopically pure Ni-sheets was 
~ annealed’ for 30 min 5t? vreuo at 900°C, then polished, degreased ina 
2N NaOH at SD - 70 a and rinsed with distilled water, A550, addition . 


shifts , to¢ard the positive side and increases 4). The iureos (illeet)) 
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31960 
s/091/61 /o00/025/010/061 ema os 
mffect of hydroren- absorption catalysts on... B108/B147 ot OE 


exhibit two doneinsy “the slope is ste seper at low values of i than at high 
ones. Se0,, affects ¢ and » in the same way as As,0 3? but the effects 


are not oe as strong: The results are explained by a deceleration of 
the recombination of H> (adsorption) owing to molecular precipitation of. 
As. and Se on the electrode, [ Abstracter' s note: Complete translation, 
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“: Rapid determination of fat in leather, oN. P. Kostin, .- 
OW. N, Rybakoy and BP. K. [sace, Koshevenno-(Jouraa yt 
pram, Sid he BR. 42, Now 4, St yap;  Chers, Zente. 

44939, 11, t40).—The method propowd by Wislicenut in) 

Veo (ef. C. A. 8S, 38) for the analysis of cual, wel, ete., | 

ip recommended for the. detn. of fat in leather. ~The 

sample is placed ina Hask equipped with a reflux condensee 
through which a thread is passed only. at the beginning of 
the boiling of the ether. The thread is removed after the | 
end of the boiling and is rinsed with the condensate prss-. 
ing through the condenser. The “boiling’’ time is limited 

to [0 min. and the “rindng’” ime to 15 min. The results & 

agree satisfactorily with those of the Sovhlet method. > 

; A. AL Bochtlingk 
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Cross sections of the reactions t(d, n)Be4 and D(d, n)He3 
in the 3 = 19: Mev. deuteron enerey Tangeo Atom, energ. 16 
no.2214l-143 F "64; — : ee 17: 23): 
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SUBJECT ussR / PHYSICS cagrp 1/2 pa - 1606" 
AUTHOR | : BOGDANOV,G.F., KURASHOV,A-A-s RYBAKOV,B.V-» SIDOROV,V-A- - 
“TITLE | The Heagurements of Fast Neutron Spectra by qime-of-Flight 
- bs Hethods. : 
PERIODICAL  Atomnaja Energija, 1, fase. 1, 66-82 (1956) 
“Issued: 3 4956 =: 
trons can be used up to 


ds for measuring fast new 


ime of flight measurements for glow neutrons do not* Ge : 


Whereas the ysual metho 
fei 3 Mey at the most, + 
~ go beyond 1 keV. 
Modern scintillation counters have & resolving po 
ing a pulsating neutron so 


nake it possible, by usi 
9 sec in the case of a period of 112-107" BeC, 


wer in time of 107? seo and <3. 
urce which furnishes ime 
ko measure up to 


pulses of 5.10° 
‘some 10 Mev. 
The scintillation count 
_ received impulses from the excitation frequency of the ¢ 
delayed ad.libse, 30 that every time of flight could be measured. : : 
i time resolving | 


_ After, some constructional details 


d with a coincidence device which, pesides, 
ency yclotron, which can be Pe 


h is equal to that of. the coincidence device an 
t by the bombardment of 6 T Zr. 


the primary impulse. Calibration was carried ou 

gample with protons. The calibration curve shows two. max: ‘t the end and at — 
the beginning of the energy. domain} diation. _— 

. caused py the reaction of protons W 


capacity whic 
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Atomnaja Energija, 1, fasc. 1, 66-82 (1956). CARD 2 / 2 PA - 1606. 


T (psn) He. Energy resolving power is connected with the length of flight. 


T2L() 


and with energy as follows: er “te the period of the impulse: 
m sec) VE(Mev) 


PP is (112 msec) oe if the response threshold of the counter is V, the: Seondi= 5 
tion for a maximum L can be written down as follows: ai eeaiod 
72k yo /2 = ry + 72L getty This means that the slowest neutrons must arrive 


before the slowest of the next momentum. Maximum resolving power. of the spectro- = 
meter at energies of from 3 - 15 MeV is 10-24%. An increase of the response - 
threshold reduces this value. The degree of efficiency. of the scintillation 
counter attains several % at 2 - 20 MeV. For the determination of the spectral <, 
sensitivity calibration measurements were taken and a curve was given. 


The main difficulties of this work were connected with the nat aime da of the 


phase of the cyclotron. 


| INSTITUTION: 
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. Atomnaja Energija, 1, fase.5, 142-148 (1956) GARD 2/2. PA - 1731. 


y shell model, BRUECKNER'S theory (BETHE), neutrons and nuclear structure, Hresii. 
pulsion" of nuclear levels, etc. 


a II) Capture Reactions and Photonuclear Reactions:. The following reports were, 
. among others, made: Reactions of ‘the type Xf)» where x denotes. neutron, pro- | 


ton, or a-particle; rotation levels of. light. nuclei, absorption mechanism of-- 
electromagnetic radiation by the nucleus, theory of photonuclear reactions, 
radiation capture of protons, angular- and.energy distribution of -Photoneutrona, * : 
etc. : 


III) Stripping. and "Capture" Reactions: The reactions (d,p) and (d, A) at a 


deuteron energy of up to 20 MeV, neutron spectra on the occasion of the bombard. 
ment of light nuclei by 14-MeV deuterons, relative probabilities of stripping | 


‘processes and of the creation of a composed nucleus, theory of direct. interac-... - 


_. tion, interaction of fast deuterons with nuclei, the present stage of (n,p) and 


(p,p) scattering (SEGRE), elastic scattering of 188 MeV electrons ‘by various ES 
“muclei, etc. . : 


ook IV) Reactions under the Effect of Heavy Ions and Fission Processes: Radice oS 


chemical investigations of reactions with accelerated C- and N-ions, theoretical - 
work carried out at LOS ALAMOS on nuclear fission, excitation curves of the. 


238 and Th 232 » energy dependence of z i 


symmetric and asymmetric photofission of U 
“gap width, etc. 


_ INSTITUTION: 
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i \ 74 , “s ¢ : 
Category : USSR/Radiophysics ‘- Application of Radiophysical Methods — . I-12 


me Abs. Jour : 


> Author 
Title 


Orig Pub 


Abstract 


- Cara. 


Ref Zhur - Fizika, No 2/1957, No 4694 


’: Rybakov, -B.V. : : 
; Uonstructiza of Apparatus for the Gaiavisen of Code Pulses. with Pro- 
tection Against Palse egies and Tavestigation of the Operetion of 
such Apparatus . : 


: Radi ctekhedin 1996; 11, No 7, 26-38 


3 Descriptics. of the principie for the eid eaetion of élettronte apparatus 
for the cemparison of code pulses, based on a newly-developed anti- , 
coincidence circuit with pretection against false operations. The ap- 
paratus makes it possible to compare code pudses arriving from the out-. 
put of varicus kinds of memory units or coders. Th avalysis of the 
operation of the apparatus makes it possible’ to calculate the basic - ee ne 
parameters of the circuit required to. meet specified operating conditions . ee. 
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USSR/Nuclear Physics - Structure and Properties of Nuclei ae c-4- 


- Abst Journal ; Referat zhur ~ Fizika, No 12, 1956, 33990 


Author : -Bogdanov, G. Fi, Vlasov, N. A., Kalinin, S$. P., ‘Rybakov, B. v.00 
Sidorov, V. A. . cade Re 


Institution: None eR & : Ont. soehee 
'. Title: Spectra of Neutrons Bombarded with T and D_ Deuterons with: 
7 Energies of 14 Mev . 


Original — aes SB heh * 
Pertodical: Zh. eksperim. -£ teor, fiziki, 1956, 30, No 1, -. 185-187 


To check the existing experimental: data on-the existence of an ant aes 
excited state of approximately 2 Mev in the He‘. nucleus, spectra 
were studied of neutrons produced by the T(d,n) He and: D(d,n) > 
ee He? reactions, with the neutrons escaping at an angle of 00 Pee 
relative .to the beam of the deuterons. The beam of the 14 Mev — 
deuterons was focused with the aid of.a magnetic prism at a dis-— 
tance of 12 m from the cyclotron, where a thin tritium-zirconium 
or a gas deuterium target was placed. The energy of the neutrons 
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PSSh Nuclear Physics - Structure and Properties of mucle | cee oes c-4 
Abst Journal : Referat. ghur - Fizika, ‘No 12, ‘956, 33990 


: was measured tron’ the time it took them ‘to: cover. “the aintance - 
from .the target. to the counter, the latter being ae Photomulti- 
plier witha solid solution of: terphenyl in polystyrol acting | 
as a-phosphor. The neutron source was operating under pulse. . : 
conditions based on. the natural modulation of the cyclotron bean: 
The pulses. from the counter went to a german ium-diode coincidence 
circuit. Pulses, synchronized with the accelerating. vaoitage of . 
the cyclotron were applied to the second leg: of the’ coincidence nes 

--¢ircuit.” The time resolution of this spectrometer (width of a 
gamma line at half the altitude) amounted to 7 id Sige 


The Spectrum of the neutrons from the . ra, n) He wid ee 
D(d, n)He? reactions displayed not only the maxima Sorvesponding. 
to the formation of the ‘Hed | and He? nuclei in their funda- 
mental states but also wide groups of slower neutrons with an 
average of energy of 8 Mev. For the T+ d_ reaction this energy 
’ corresponds to‘an excitation energy of finite nucleus of ap- 
proximately 22 Mev. However, the similarity of the pRectra: in 
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USSR/Nuclear Physics ~ Structure and Propertios of Nuclei — eed "G4 


“Abst Journal - 


“Gard 3/3 


Referat zhur - - Fizika, No 12, 1956, 33990 


the case of both roucticual is indication) in’ favor ‘of. the. assump- | 
tion that the second ‘groups of neutrong are formed faster bya. 


break-up of the deuteron . thap by. the ugual. reaction with a forma- 


tion of a finite nucleus He’. and -He in excited state. Sores aera 
Notice is taken of the large value of the cross section for the - 
formation of the neutrons of the second groups. This. ‘amounts aie 
to 300 millibarns/steradian for the case of the T +.d reaction, © 
and 100 millibarns/steradian for the case of the D +d reaction. . 
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SUBJECT. USSR / PHYSICS. CARD i / 2 . PA -.1394.00 


AUTHOR BOGDANOV, G.F., VLASOV, N.A., KALININ, 8.P., RYBAKOV, B.V., 
oe ; -SIDOROV, V.A. TTT 
| TITLE . The Spectra of Neutrons produced on the occasion: of the Bombard- 
a ment of Light Nuclei by 14 MeV Deuterons. 


PERIODICAL Zurn. ekep.i teor.fis, 30, fase.5, 981-983 (1956). 
se Issued: 8 / 1956 reviewed: 10 / 1956 ~ 


In order to become fully acquainted with the production mechanism of neutrons or 


_ the occasion of the bombardment of tritium and deuterium by 14 MeV deuterons pre- 


(2,85 m). The- construction of the gaseous and liquid targets is described. The ees 
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darn. eksp.i teor. fis, 30,fasc.5, 981-983 (1956) CARD 2 / 2 _. PA - 1394. | 


* bombarded nucleus. Consequently, the state of the nucleus produced by the re= 
action exercises essential influence upon the neutron spectrum under investigas.:.’ 


. tion, A comparison between the production_cross sections and spectra ef neutrons... ° 


_-/' (eorresponding to the reactions Tid and He“+d confirms the existence of an en- 
-” gited state of He- with the excitation energy ~~ 22 MeV, and is indicative of. the 
“fact that no similar state exists in the case of the Li* nucleus. H4 ana Lid. 

' probably do not exist in a state that is similar to the excited state of Het, 


--This confirms. the assumption that the isotopic spin of the excited He4-state ues 
‘with 22 MeV is equal to zero.. Next, the neutron spectrum produced on the occasion — 


“of the bombardment of He’ is discussed in short. On the occasion of this (4, n)-re= 


“action an Li? nucleus is produced, for which, apart. from the ground state, av ou. 
‘second state with an energy surpassing that of. the ground state by 2,5 MeV was 
hitherto assumed to exist. However, in the neutron spectrum of the reaction Hetid - 


“no excited state of Li? could be found. 


7 A VELRSENOTEs the production cross sections of the neutrons emitted in the direction 
of 0° towards the deuteron bundle were. estimated for various targets. In the case: 
of all investigated light elements with the exception of tritium this cross section 
is. 50. mb/sterad per nucleon of. the nucleus, which means that it is approximately. 
proportional to the number of nucleons A. On the occasion of transition to heavy. 

nuclei-the cross section decreases and in the case of Cu, for instance, it-is”.: 
* 200 mb/sterad. 
INSTITUTION: 
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RYBAKOV, B.V., BOGDANOV, G.F., KALININ, S. Pes SIDOROV, V.A., VLASOV, W.A. 
ai ~ 


ity 


6 
"The (p. n. ) Reaction on Lithium and the ‘eeu State of Be. 


“paper submitted at the All-Union Conf. on Nucleer Réactiors ‘in Médium and Low. : ; : 
. Energy Physics, Moscow, 19-27 November 1957. : 
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"Snectra of Neutrons and Protons from (He' 44) Reaction and Energy - Je 
> Levels of Li? and Hed." ee : ee 


-Union ‘Conf. on Nuclear Reactions in 


Medium and” 
19-27 November 1957. ge 


“paper submitted at the All 
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‘Spektrometriye pystrykh neytronov (Spectrometry of Fast 
- Atomizdat, 1958. 175 p. (Series: Atomnaye energlya. 
1958, Nr. 6) 8,050 copies printed. > 


Ea.: N-A. Vlasov; Tech. Ed.: 3.M. Popova « 


engineers and technicians wo: 


, rking in the field : 
It may also be used by advanced’ st aia 


- -PURPOSE: . This book is. intended for 
of experimental nuclear physics. udente ma- 
joring in physics. —_ eRe 
COVERAGE: ‘This volume is concerned with the spectrometric study of fast neutrons 
“with ‘energies ranging from 0.3 to 30:Mev.. ‘Main interest is focused on the time- =.) 
of-flight method,a new approach to this energy range. This book is not.only ® = 
review of work done on the time-of-flight method but also an original entribution? 
rimental work done at the Institute of Atomic Energy- AS 


f other methods in current use- References accompany — 
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a i tea ‘ 


gree: “A Multichannel Time-of-Flight Fast Neutron Spectrometer 


PERIODICAL: Atomnaya. energiya, 1958, Vol. 5, Nr 2, PP 135-140 (USSR) a 


ABSTRACT: pectrometer developed. consists in the .- 


formed by means of a trigger. 

with secondary emission.’ The capa 

The period of recurrence of .a neutron Pp i 

of high frequency. For the simultaneous’ investigation of the time 
interval 21, the generator for the driving pulses has to emit wre 2 
pulse for two high frequency periods each. This is brought about by — 


C i i ich is fed by a simis-..” 
means cf a frequency divider the input of which is nus— . 
oidal voltage. The sinusoidal voltage is collected from the reso- 


nance ‘lines of one of the ‘cyclotron duants by means of a coil. The pes 
driving pulses with the 2f period pass on to 4 rapid coincidence: 
Card 1/3 scheme. ie 
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A Multichannel Time-of-Flight Fast Neutron Spectrometer — SOV/89-5-2-6/36 


- effects). The pulse of the anode of the miltiplier “o FBUW33 


“@he main part of the time analyzer is the "phase" generator which - . 


is driven by the pulses of ‘the scintillation. counter. The generator |. 
is a trigger with delayed feedback and consists of a pentode with = 
laying element in the system of delayed feedback. The length of = 
the cable is chosen in such a manner that the period of the "phase". 
generator is equal to 6T- At, where At 1.107 sec. The.” 
"phase" generator is always in action and is brought into phase by. 
the pulse of the counting tube. (The fact that the. counting tube 
pulse is used for switching on the generator leads to disturbing 


- secondary emission. 150 m of the cable RK-2 are used as a de- | 


reaches the input of the generator via a blocking valve and oper~ 
ates the input trigger, which emits two pulses. One of the pulses 
stops the generator and the second one releases the generator into. 
phase again, viz. at the moment at which a neutron is recorded. — 

The. generator remains out of action for. about 2,5 seconds. 

An amplitude selector also belongs -to.the scheme of the spectro- 
meter, the input of which is fed with the pulses of one of the 2 
dynodes of the multiplier. The amplitude selector is switched into *_ 


ag 
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the eoincidence scheme by means oe: an at trigger. In this way guar 
it is possible to vary the. effective threshold of. ‘the sointil- Ate 
lation counter within. wide ranges. ae 
The operation of .the time analyzer sococding to the. nonius prin- Pax 
ciple demands a high degree of constancy of the frequency differ- 
ences. This is attained by means of a A eli Ried beaches stabi- Ly as 
lizer. oe 
The width of a vobennel of. the spectrometer amounts to about « 
4.1079 sec. The system of. recording of the spectrometer consists: = 
of. 256 channels; each channel is able to work-up 2! putges- There: ° 1: 
are 5 figures and 13 references, 6 of which are: Soviet. 9° et 


May 14, 1958. 


APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7" 


"APPROVED FOR RELEASE: oe core CIA-RDP86-00513R001446330003-7 


SUT Re il A Ee Ae eve Se wee To 


met) | | oe a | | 
-. AUTHORS: nybakor, Bs..Ve's Sidorov, We Big? 8 3 s0v/89S-58-6-2/33 


Suse ia aie atatic 


-PITLE: Roe Introduction . (Yweaeniye) 


‘PERIODICAL:  Atomnaya energiyay. 19585 ‘supplenent, ir be PP. 58. (oss) — 


ABSTRACT: This paper deals with’ the spectroscopy of ‘fast neutrons: with py 
ee -. energies of from about -0. 3, to 50 Mev. The upper. limit is. ° 
natural from the. viewpoint. ‘of . ‘applying. neutron. ‘spectrometry 
to the investigation of nuclear. structure, and is determined | 
by the range’ of the discrete spectrum of: energy. levels. 
Moreover, energy “limit of the neutrons of ‘a certain group of. 
sources (nuclear reactors, targets of a linear accelerator, 
- ef -a -Van-de-Graaf : generator, and of a. constant- -frequency 
cyclotron) is within this interval. The lower limit of . Fe 
observation is only determined by the particular features of 
the methods of recording fast ‘neutrons and is:by far'less. 
definite. Until: recently fast neutron spectra have been deter-. ~. 
mined mainly ‘from the spectra of the fast charged particles... 
produced by the elastic scattering of neutrons on atomic 
nuclei. ("nuclear recoil method"). and by various nuclear re- 
: actions ("method ‘of; ‘nuclear reactions"). Owing to the develope 7 
Card 1/3 ment of fast scintillation counters and since the. : 
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development of the millimicrosecond pulse technique for the 
measurement of. the energy of fast neutrons has made progress, 
-it is possible to apply the time-of-flight method, already 
the classical method in experiments with slow neutrons, also 
_to fast neutrons. This method already now furnishes more oo... = 
accurate results than other methods. According to the authors, .~ 
this method is the most promising one in the fast neutron’ ° - & 
spectrometry. In order to obtain accurate results, the neutron . 
source must provide a pulsed operation and a long range of ~ 
‘measurement for measuring the flight time. In cases, where — 
these conditions cannot be satisfied, the recoil nuclei and 
nuclear reaction methods maintain their prevalence. The 
method of threshold indicatars (which is based upon the 
capture of neutrons under production of radioactive nuclei) |» 
gives only a rough outline of the neutron spectrum. The same ~~ 
holds true for the application of such threshold detectors | 

as the fission chamber. The spectrometry of fast. neutrons 

proved to’be an excellent means of investigating nuclear 

‘forces and nuclear structure. A number of concepts used in 

ae neutron spectrometry are defined: the most important chares- | ear 
—. Card 2/3 teristics _ -of a neutron spectrometer are resolving power, 
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efficiency, and the dynamic range. Resolving power is defined . 
as the ratio of: the half-width of a line from a monoenergetic 
neutron current and of its energy: § = AE/E. The efficiency 
of a detector for neutrons of a certain energy is usually  -- 


‘specified by the probability for the recording of a neutron. 


entering the sensitive volume of the detector. It is denoted. > 
by € «The efficiency per sterad of a spectrometer is deno- 
ted by :- y= Ste. Phe dynamic range ofa spectrometer is 


designated by the quantity 4. = Ena, /Emins Where E,., and Bun 


denote the maximum and. minimum energy, respectively, acces- |» 
sible in one measurement. Most models of neutron spectro-. 0): 
meters require a good: collimation of the neutron beam. 

There are 4 references, 1 of which is Soviet. ne gee 
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TITLE: | _. Chapter I (Glava I). The Method of Recoil Tusled (Wetod y yader ca 


otdachi ) 
PERIODICAL: Atomnaya energiya, 1958, Supplement, Nr ee PP 9- 10 (vssa)_ 


ABSTRACT: The glestic scattering of neutrons. is the Say simple ‘ina: ‘of. 
: _ interaction between neutrons and. atomic’ nuclei. It is possible. 
to determine the spectrum of the neutrons from the spectrum ae 
of the recoil nuclei produced in this. process. Even mono= ==: 
energetic neutrons furnish a continuous. energy distribution 
of the recoil nuclei. The energy of the recoil nuclei which ©. 
are produced at a certain angle with respect. to the neutron... 
beam is uniquely dependent upon the energy of the neutrons. 
It is. precisely this circumstance upon which the "differen- 
tial’ method". of recoil nuclei‘is based,» which is eusentialiy: 
that of determining the spectrum of the energy distribution . os 
of the recoil nuclei. The method is applicable only under = 
favorable geometrical. conditions. | In the most simple cases : 
it is sufficient to measure ‘the complete spectrum of recoil 
; nuclei (integrated over the angle of departure} In such 
Card 1/2 cases the. Bpeoerne Ges the. neutrons soning from extended 
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_ Chapter I. The Method of Recoil Nuclei -_ S0V/89S-58-6-3/33 
sources can also be studied (under adverse geometrical con- 
ditions)..A great number of visual and electronic methods. 
applicable to the principle of recoil nuclei for the inves-— 
tigation of the spectra of charged particles is available. ._ 
Electronic methods feature a separation and measurement of 
the collimated beam of recoil nuclei by means of several 
proportional or scintillation. counters forming a telescope. — 
Among visual methods in neutron spectroscopy the method of - 
thick photolayers is widely used, and it has been just this 
method. to which the majority of the most interesting results - 
of neutron spectrometry is due. This ‘method is, however,‘ rather ~ 
cumbersome, and the results are available only a rather long 
time after the measurement has been made. As the methods of 
the spectrometry of fast neutrons advanced, the method of... 
phot oemulsions lost significance, The Wilson (cloud) chamber 
‘is at. present hardly being used at all for the spectrometry 
of fast neutrons, whereas the bubble chamber gains in impor-.- 
tance for the recording ‘of very fast particles. With ‘such 
bubble chambers it is’ possible to.record fluxes of ‘fast wo 
neutrons with a negligibly low intensity. There are 14 refer- .°- 


Gard 2/2 . ences, 3.of which are Soviet. 
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: las for the determination: of. the neutron spectrum from the 
‘relativistic 


‘relations apply: E, = azcos“y with a= 4a/(1 + A)e Se 


Rybakov, B. Ye» Sidorov, V. Ae. . a gov /89s-58-6-4/33 . - 


§ 1. Fundamental Relations ( 641. Osnovnyye sootnosheniya) 


Atomnaya energiya, 1958, Supplement, Nr 6, pp 10-13° (USSR) 


In this section, the authors: present ‘the fundamental ‘formu- 


energy distribution of the recoil nuclei. The scattering of 
fast neutrons can in most cases be investigated ina non-) 
approximation. Only near the upper limit of the = 
neutron energies investigated (about 30 Mev) small relati- = 
vistic corrections are sometimes necessary. The following . 


Bis se 5 | coe as | a2 - sin o| ’ sing =] obsiny » ee ae 
(144A) ‘ 2. ; wig c Me Ay aes 


1 x Bo Ree Tiere re ok PES 
sin @=s] ah=,siny', dy. =40ycosY, 06-45 << 
B, = (a/2)B(1- cosy). The probability that the recoil nucleus, — 
owing to the scattering of a neutron with the energy E, ey 
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. _&. Rundancntal Relations a Po 4 : 4 ate a s07/895- -58- -6- 4/33. 
caequirés an energy: ranging from E, tS E,+ aE, wee ee 
WE, )aE, = (4/0) e2nsinyay » where any angle y. is: taken. (from. Le 


the “ahete formula for Eye This: substitution “gives” oo 
W(E, )dE a7 (y/o) (4n/aE) az, . This formula connects the ‘recoil i. 


jas spectrum occurring in the scattering ‘of. ‘mono-energetic. 
neutrons (i.e. the spectrum:resulting from the recording of... 
all recoil nuclei irrespectively of the angle) with the - : 
angular distribution of the scattered neutrons in the center-. 
of-mass system. If the neutron spectrum is arbitrary, ABS 
following expression holds for the. integral recoil nuclei. 

co -) ae 


A spectrum: 7 ; me len 
eer i ; he es ne ue 
Hee er eee ME he ag Var = const: 5, ie Oye B, where one denotes 1 the 
oo : —B,/a a 
number ‘of neutrons with an energy . of EB a B + dE ‘in the. 
measured spectrum, and the angle y is determined from the 


above formula. The differential scattering cross section 
of the neutrons in the center-of-mass aystenis 


SHED TE Eee PS ROY Se eT 
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which is under the integral’ ieee aopcnts in the: ene sal, 


case in a complicated ..manner upon the neutron energy. Deter-".. 
mination of. the neutron” ‘spectrum from the recoil nuclei a 
spectrum therefore proves to be extremely difficult. If. 

the neutron. scattering in the center-of-mass. system is. 
isotropic, the analysis of: the integral - spectrum of the Secoil. 


“nuclei is simplified considerably. In this case the integral | 


spectrum of recoil nuclei is ‘rectangular: 


W(E,)dE, = dB,/aE, if EB, < aE or W(E,)4B, = 0if 5, > aE. 


The limit: of the spe teus provides the. neutron. energy and the | 
area. the total number of. elastically scattered neutrons. Bs 
The neutron: spectrum is then mals whe 
ip wT 


F(E)aE =. const— dB. Hence it is possible | to. 


1E,ysaB os 

7A eee 
obtain. tHe neuteon eaatsun by: aifferentiating the integral. 
recoil nuclei spectrum with.respect to energy. It appears,: 


-however, that owing to the unavoidable distortions of the . 


recoil nuclei spectrum by: influences of the. measuring. | 
apparatus ‘this procedure can be used in neutron spectrometry ©. 
only in the most: eompre pecheoa if ehe mourned 1 spectrum 
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stata 


69: The: Selection. ét the Radiating Substance (82. Thor 
radiatora) ae a os oe 


Atomnaya energiya, 1958, Supplement, | ur é, PP 43 “15, ‘(ussr) 


‘The. following: considerations are: decisive’ in he deloution 


of the substance for:the investigation of. the neutron spec- 
trum: the recoil nucleus must be light, because the. lighter 

it is, the more energy will be imparted to-it. Besides, | tae 

is far easier to measure. the. energy of a light ‘charged 0 : 
particle than that of a heavy one. The ranges of. flight. “of: pace 1S 
particles heavier. than ‘a-particles are. small ‘and known with | 

an accuracy far below that for -protons. and a- ~particles. The 
scintillation intensity. caused by a heavy particle ina. oh 
solid or fluid scintillator is very low. The elastic dieting 
sion cross section of neutrons:.on the nuclei of the- radiating : 
substance. may be. considerably ‘greater than the: ‘capture and. 
non-elastic scattering cross section. This cross section must : 
be well known, must depend only little upon the neutron we 
energy, and. must be sufficiently large. The neutron scattering: - 


in the center-of-mass balan should pe Asotropic, ” becauee 
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this “rectly simplifies the. atalyets ‘of: “the. recoil nuclei: 
spectra. and also increases the accuracy of the absolute — 
measurement of the neutron fluxes. These requirements are 
satisfied best ‘by hydrogen, which, in the majority of. 
experiments, is used as a radiating. substance. ‘In some cases 
deuterium and helium are -used. The total’ cross sections of the: 
neutron scattering on these nuclei (as also the total cross ~ 
section of the (n,p)-scattering are sufficiently large and 
. also vary gradually with energy). Unlike: (ayp)-scattoring,” 
- neutron scattering on deuterium and helium nuclei-is. 
_ essentially forward-anisotropic. The use of -helium ia yc ; 
for instance, convenient in cases where spectra of: high-energy. 
‘neutrons are studied by means of: proportional counters... 
These counters. operating. ‘under high pressure exhibit much oe 
better characteristics if filled with helium instead of hydro- 
gen, because helium: is:a noble: gas. There is a AAgure. . 


Card 2/2 


APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7" 


"APPROVED FOR RELEASE: ihe CIA-RDP86-00513R001446330003-7 


SET 


2h) 


AUTHORS: _Rybakov, Be Wey - stdorov, SR Che aS ~ sov/a9s-5 58+ =6- 6/35 
TITLE: 6B 3, ‘The Scattering of Neutrons on | Protons (oe Rasseyeniye 


neytronov, na protonakh ) 
‘PERIODICAL:. Atomnaya. onergiya, 1958, supplement, Nr 6 ‘pp 15 “18 “(usse) 


ABSTRACT: | The formulas presented in the. first: paragraph of. hres chapter 
, are much simpler than in the ‘general | case. ‘The mass of the : 
proton, is with a very high accuracy equal to: the nas of the: 
neutron and hence in formula (5) given in paragraph one _ : 
@.s1. applies. The other formulas. given in that Poregraph 
_ are then reduced - to. 


ED = Boos = (1/2)B(1 ~ . cosy) (18)} Et : =e Ro6s* ay “(905 
eek -o = zy (20); 6 Gy = 40,0089 (21)4-99 2 4ayeose (22). 


At neutron energies: not. J ececains 10 Mev the (nsp)-sectecring” : 
is isotropic :in the: center-of-mass system. In this energy 


range iso, = geoeg and og = $2988 where. o ‘denotes the total 


cross section of the (n,p)=scattering at a’given ‘neutron. 
energy. Por Neutrons: with an. “energy ghana 10. Mev, the 
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differential evesaneeatton in the center-of-mass “system 
depends upon the angie and.can be represented in the form: 


8 = oy (B)(1 + Ccos *y). The coefficient of anisotropy c also - 


iaseanes with increasing ‘neutron energy. In a diagram ‘the ne 
C versus energy function in the laboratory system is plotted 


For the differential cross section of ‘the peubrons: in the. °-:: 


laboratory system there: 


a goose © 122130) cose applies. The total cross. as 


se . oe 1452/3) 


section of. the Gal aurees has been ‘much eootipated 


in a-wide range of neutron energies. It may be described with “ 


a high accuracy wy a semi-empiric. formula derived aby 
Gammel! (Ref 14) = ; 


oe - Sa 
ae poew 1. 8600 + 0. 09415E +40. 0001308 2 
nr 


+: ee ; where. ois given ain ‘barns aia a 
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E. in) Mev. In) many ‘cases a simpler empiric ‘formula may be used: 


o[barn] = ar 0, 578. This formula in the energy range. 


from.0. 3 to 30. Mev gives results agreeing with an error of. 
3 $ with experimental data. A table contains the values of 
the total eross. section ‘of .the (n,p)~scattering computed. 

according to the above formula. There are 1 figure and Lie 
table. woe earns 
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Scintillation Counters ‘(Teleskop ht laiig alee eae iv 
staintiityatedonnykh. schetchikov) 


Atomnaya energiya, 1958, supplement, Nr 65 . 19 “(ussa) 


A. aeaten Goel at inn ‘of. several eountena. for ‘ehavesd particles 
is termed a telescope, which permits the separation of. a 
collimated beam of recoil protons and the measurement of . 
their energy. The recoil protons in the telescope are. Repivcd: 
from a layer of a hydrogen-containing substance. ("radiator") 5) 
A-distinction is made between telescopes with a "thin" and » 
with a "thick" radiator. The first consists of a layer of a. 
heavy -hydrogen-containing substance as a radiator, and ect 
layer is installed in front of the first counter of the... : 
telescope. Its thickness (upon which the resolution of the 
spectrometer is directly ‘dependent ) is only a few per cent. 
of the range of flight of ‘the recoil nuclei. In the second . 
case the’ ‘sensitive volume ‘of the first counter-‘of the | 


telescope serves as a Bratt tte thickness. may amount to. 
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a. vegneldereble portion: (for sample. hale) of the range of - 
flight of the recoil protons and it is only ‘limited by the 2: 
necessity of. recording the recoil proton by the cther 
counters of the telescope..A telescope with a ‘thin radiator’ 
may have a considerably high resolution (as much as 5 %): and ~ 
‘hence may be-used for the study of. complicated. neutron spectra. 
If. satisfactory results are “required very intensive neutron. 
fluxes are necessary. ‘The main: advantage of such a spectro- 
meter. is found in the possibility to compute its efficiency. - 
for mono-energetic neutrons with an accuracy which is only ° 
determined by the uncertainty in the cross section of the = © 
(n, p)-scattering. ‘It is‘mostly for this-reason that telescopes 
with a thin radiator are frequently used for ae ‘absolute °°. 
measurement of mono-energetic neutron fluxes. A telescope: 
with a thick radiator has a much higher efficiency and is : 
used for the investigation of low-intensity. neutron fluxes. 
There’ are 38 references, 7 of otc are Soviet. 
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§ 1.0 A- ‘Telescope With: a ‘thin Radiator. (64 ie "Teleskop 8 tonkin 
radiat orom) ane 


" Atomnaya energiya, 1958, Supplement: Nr. 6 Pp 19 39 “(ussr) 


In a figure the experimental: eereheomeat Foz “the Geacusenent 
of. a neutron spectrum with a thin radiator is shown. A hydro- 
gen-containing radiator is located atoa ‘distance ‘Bb, from the. 


neutron. “source S. This radiator has a diameter. oe whe recoil 
protons emitted in the direction: ‘of the recording system ar 
collimated bya diaphragm which is located at the distance by ee 


from the radiator. The geometrical conditions are practically 
everywhere well satisfied so that the neutron source may, be: 


considered to be punctiforn, The diameters of the radiator and. 


of the diaphragm are emai yas compared to b, and bye In this. 


“instance only that. case is investigated, ‘in which the disaster 


of the diaphragm equals that of the radiator. Between the 
radiator and the diaphragm and behind the diaphragm counters - os 
for oe Parlieles. are ae ea poneesnes. also ae 
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sown acca filters, The eoanten. ngcteaconen: and: its 
auxiliaries ‘separate from the totality of particles produced - 


in-it*'those recoil protons which have left the. radiator and. 
have passed through the diaphragm. This makes it possible to 2 
measure their energy distribution. The; authors then investigate. = 


the resolution and the efficiency of a telescope with a thin © 
‘radiator. A small reserve in resolution considerably in- 
creases the efficiency of the telescope. For this reason 


"wide-angle" telescopes must. be used for absolute measurements — 


of. mono- -energetic neutron fluxes,” which have a. relatively low 
resolution. The maximum counting rate at a given resolution 
of the telescope is computed. “In. a figure the electronic = 
block-scheme of the telescope is shown. It permits a simul- 
taneous: recording of .coincidences of the type 142, 142435 
14+24+3+4, and 14#2+3-4. These digits dencte the numbers of the 


counters and ‘the minus. sign corresponds to an anti-coincidence. — 


The recording of coincidences of the type 14+2+3-4 provides 


the differential spectrum of the recoil: protons and hence also. oe 


the neutron spectrum. The spectrometer: described in this 
pie ose paper has been used.for the investigation of the excitation 
Card 2/3 curve of the reaction 7(pyn)Re? | inthe - range of proton 
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energies. of. from T= 12. uae 
lay-out of a scintillation 
The disadvantage ‘of ‘this te 
to a y-background, At. the e 
auxiliary operations and co 
be carried out in order to 


_ are 14 igorea.: 
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In’ cnothes figure the ‘typical - re 
‘counter telescope is given. = 
lescope is its high sensitivity — 

nd of this paragreph the. 
rrections are enumerated which must 
obtain accurate Teaults. There. 
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& 2. A Helescope: ‘With a Thick Radiator (8: 2. Feleskop 8 . coy 


tolatym radiatorom) 


Atomnaya energiya, 1958, snbetenent, Nr 6 PP ) 40- 52 (ussr) 


* The sensitive - volume” of. the first counter of. the (Gaieage o> 
- may. ‘also ‘be. ‘used as a.source for recoil protons, if-it is. 


filled with hydrogen. When the energy of. such a. proton ‘is 

determined from -the intensity of the ionization produced by. 
it or from the scintillation flashes, the thickness of such: 
a radiator may take up quite a proportion of. the range of 


flight of tne proton, because the energy. lost by it in the oe 


radiator is measured. Hence it is. “possible ‘to increase the 


efficiency of fhe counter and in. some cases to minimize the ~ 


energy-dependent: limit of applicability to a few dozens kev. 
The authors then investigate ‘several typical variants of © 


ionization and scintillation telescopes with a thick radiator. __ 


One figure; for example, shows an ionization telescope for 


neutron energies from 0.05-1 Mev composed of ‘three proportional ; 


counters filled with methane. Another spectrometér designed 
by Mozley and Shoemaker (Ret. 29) Was eonetr ates asia 
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telescope with two organic scintillation counters. Calvert et 
al. (Ref 30) constructed a better telescope of the same type- 
al. (Ret Ju thors (Refs 31-36) proposed another system for the 
apectrometry of fast neutrons analogous to. 4 y-spectrometer 
with two crystals and based upon the Compton effect. Such - 
systems have hitherto hardly ever been used in practice. — 


. There appeared, howevery the prototype of a spectrometer — 
measuring the energy of ‘the neutrons from the transit time 
required by the neutrons to pass the distance between two 


- counters. The principal design of such a spectrometer is 


of neutrons scattered through a certain angle and by the 
‘resolution 7 (with respect to the amplitude) of the first 905 oo. 
counter. The spectrometer described by Beghian et al (Ref 31) ™: 
is mentioned as being interesting. The authors meintain, | 
however, that this spectrometer. has only a Low resolution. 
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A telescope reaches its maximum efficiency, if itis) 


filled with pure hydrogen. There are 10 figures. 
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Chapter III (leva: III). “The: Method.of- ‘Nuclear Reactions oe 
(Hetod, edenyy> reaktsiy) ; ee 


Atomnaya enereiyay 19585, Supplement, Nr. 65 PP 53 -55 5 (uss) 


When a. neutron causes a nuclear peaation: ia ‘which’ ae charged 
particles are produced, the energy of the neutron. may be 2 
determined by a summation of the total. energy of the charged 
particles derived from their ranges. in ‘a thick photographic. | 
emulsion. “As’now the total energy of the particles produced — 
by the neutron causing the reaction’is independent , of .the 

direction of incidence, this method does not call for a 


_ previous | collimation of: the neutron beam. For this reason this. 


method is particularly well suited for measuring. the spectrum’ 
of “extended sources. It is used in the investigation (o> Cc ee 
nuclear reactors and in experiments : concerning the developmen ia 
of: neutron flux shields. In such cases the use of spectro- 
meters: which are based upon the recoil nuclei principle leads”: 
to two fundamental disadvantages connected with the necessity 
of collimating the neutron beam. Firstly, the ‘spectrometer ee 
must. be pieces at a considerable. distance from the HELE OR 
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source, which greatly reduces its efficiency, and secondly 

the scattering of neutrons on the walls of the collimator to 
a small- extent distorts the primary neutron spectrum. The . 

choice of nuclear reactions suited for the study of the  - 
spectrum of fast neutrons is very limited, as. the reaction 

cross section must be sufficiently large and in the energy ~ 
range under investigation be only little dependent upon : eee 
energy. Moreover, the reaction muet comply with the following. ° 
contradictory requirements: The nucleus produced by the re- : 
action should not have low excited levels as otherwise the . 
total kinetic energy of the reaction products would not follow’: 
a unique relationship with the energy of the neutron. This Ie 


requirement can cnly be fulfilled with very light nuclei. On 


the other hand, the nucleus must be sufficiently heavy in - 
order to ensure that in an elastic collision of a neutron 


‘with maximum energy on this nucleus the energy of the recoil (32: 


nucleus is‘lower than the total energy of the reaction oS Bae 
products.. The higher the energy Q of the reaction, the better... 
will. this requirement be complied with. If, however, Q is. 


- large and positive, the energy of. the neutron‘is only a small 2 


proportion of the energy of the reaction products and hence 
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t is diminished. Finally it is _ 
reaction possible between the 
us must be either 


. ‘um. The reaction 
asily recognizable © 
)He? (Q = 4.78 Mev). 
easily identifiable, 
_ Produced by the decay of Li8 we eneum hammers’ which are 
ences, 3 of which Boe Goiet nue are | figure and 13 refer- 
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41. An Ionization Spectrometer With He? (1. Ionizatsionnyy 


"PERIODICAL: Atomnaya energiya, “1958, - Supplement, Nr 6, ‘pp 55-58 (USSR) ae : _ 


increase of the cross section of the reaction He?(n,p)? for — 


spektrometr s He?) | 


When an isotope exhibiting a. suitable reaction under the inter 
action with a neutron is introduced into the gas of an ioniza-— 
tion: chamber ‘or of a proportional counter, the energy of the ~ 
reaction products.can be determined from the ionization pro- - 
duced by them. Batchelor et al (Refs 5,6,7,8,9) fgr'this . OF 
purpose ‘used a proportional counter containing He’. The total: 
energy of ‘the proton and the triton was measured, which are- 
generated in the reaction He?(n,p)? (Q-= 0.77 Mev). In two. 
diagrams the counter pulse spectra originating from its being 

irradiated by mono-energetic neutrons with energies of 0.12. °» 
and.1.00 Mev are shown. Apart from the main peak there 

appears in every spectrum a peak originating from the slow 
neutrons (caused by the slowing-down of primary neutrons in ©. 
the walls of the apparatus) and a continuous spectrum origin 

ating from the y-radiation. The peak is. caused by gn acute 


brkF 


APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7" 


"APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7 


LREREG PRAT ee vee en mena eer 
1 


‘ Card 2/3 


“G1. 4n Ionization spectrometer With He? =F /95-58-6-11/35 pee 


_meter consisted of a spherical chamber filled with He2. The 


slow neutrons. If the neutron energy is 1-Mev the pulses of: 
even such recoil nuclei become visible as are produced by an: 
elastic scattering of neutrons on He’. The lower limit of. the ™ 
energy range covered by the spectrometer is about 0.1 Mev, . 

where also the main peak merges with the peak due to the slow’ . 
neutrons. This spectrometer is suited for the measurement of 
the spectrum “between 0.1 and 1 Mev. The main field of applica-- 
tion of a spectrometer making use of the reaction He3(n,p)T is - 
near a neutron energy of 1 Mev. The design of the proportional. ° 
counter must guarantee a high resolution and the absence of || 
edge effects. If the counter has conventional dimensiona a e 
heavy: gas (Ar,Kr,Xe) must be added to the He? and the pressure nel 
of the mixture must be raised to several atmospheres in order . 

‘$0 reduce the range of ‘flight of the charged particles. pro-' aA 
duced in it. This, however, meets with considerable technical. --- 
difficulties. The resolution of the counter constructed by. 
Batchelor et al. was about 7 %. N. P. Glazkow with a simpler =~ 

spectrometer achieved almost the game resolution. His spectro- | 


resolution of ‘the proportional counter and of the ionization OF 
chamber depends much on ‘the purity. of the. gas used, in partic-.” 
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. ‘ies at high pressures. In the aoperatua discussed, the’ gas ns anes 
had been carefully purified. The efficiency of the He? 


spectrometer ean be computed by . ‘using the energy dependence : 
‘of the reaction He?(n,p)?, which is plotted in a diagram. A 


considerable ‘advantage: of a spherical ionization chamber as at 
compared to a cylindrical proportional » counter is the independ-. eat 
ence. of the ‘efficiency from the direction of the. incident. : 


-- neutrons. There are 3 figures. 
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TITLE:  &§ 2. Scintillation Spectrometer With a Li J(Eu) Crystal © 
(§ 2. Stsintillyatsionnyy spektrometr 8 kristallom Li’ J(Eu) 
‘PERIODICAL: Atomnaya energiya, 1958, Supplement, Nr 6, pp 58-63 (USSR) 


ABSTRACT: A higher efficiency than that of the He? spectrometer described ~ 
2 in § 1 of this chapter can be attained by the following means: 
The isotope which is the reaction substance is introduced into ~ 
the solid scintillator and the energy of the neutron is deter- .. 
mined from the pulse of the scintillation counter. This method 
meets with one important difficulty, viz., that the light: yield 
of the scintillator decreases considerably with increasing 
specific ionization (produced by the charged particle).If 9 .. 
several. charged particles are produced in the reaction caused ©... 
by the neutron, their total energy (which for a given neutron - * 
energy is naturally constant) may: be divided among them ina. 
different manner. If. different particles are produced in one 
reaction (for example “-particles and tritous) this leads to © 
Bogs diae great differences in the pulse heights. This difficulty was “a 
Card 1/3 almost completely overcome by R..B.: Murray (Ref 12). He used. 
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'neutrons. When the crystal is cooled: to =140°C ‘the deviation | 


_ permits to vary the temperature of the crystal between room 


sented in a figure. In a diagram the: pulse spectra of the 


. original value, whereas the pulse height increases by a factor 
The high Q permits to attain a good discrimination of ‘the 


efficiency decreases rapidly with increasing energy. 


8 lithium iodide crystal (from the pure isotope 11°) which had 
been activated with europium as a scintillation detector for | 


of the pulse heights decreases. Thus, a quite acceptable i. 
resolving power can be attained. The apparatus of Murray which ~— - 


temperature and the temperature of liquid nitrogen is repre- 


counter are shown, which were found at varying temperatures by 
irradiating the crystal with mono-energetic neutrons with an 
energy of 5.3 Mev. If the temperature of the crystal is reduced 
to -142°C the main peak width decreases to almost half its : 


of 1.5. At low temperatures the peak takes the shape of a 
Gaussian curve. The resolving power of the spectrometer is 
below that of the counter with respect to the pulse height. 


y -rays. In another diagram the dependence of the efficiency a: 


of a Li°J(Eu) crystal on the neutron energy is plotted. The 
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At E = 10 Mev, however, it is still sufficiently high. This 
‘Spectrometer has only a limited applicability, as its . 
efficiency for slow neutrons is very high. If Soviet photo- 
multipliers of the type PEU-11 (or also FEU-12 or FEU-16) are 
used, which operate normally at the temperature of liquid”: 
nitrogen, the crystal can be applied directly to the photo- 
cathode. By this procedure the characteristics of the spectro-. — 
meter are considerably improved. The lower limit of applicabil- 
ity of this spectrometer corresponds to a neutron energy of = 
1 Mev. There are 5 figures, . ; igre ae eee 
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Chapter. ‘Iv. The Time- of-flight Method 
(Glave. Iv. Metod vrement prolete) 


: The determination of the neutron energy from ‘the "‘{ime- of-flight 
‘is the most direct method of neutron spectrometry. The ‘time-of- 


_ traveled by the neutron by. the relationship 


The relation between the neutron energy spectrum and their: 
-distribution over the time~of~flight is described by the- 


“is taken into core dere ens the following sapere aston is derived’: 


Atomnaya energiya, 1958, ‘Supplement, ir r 6, pp 64066 (ssa) 


flight-is connected with the neutron energy and the. distance 


‘ans tL = ie 31(m)/. VE(uev). ‘€ denotes the time the neutron. 


requires for traveling ‘the distance of 1 m. The above ‘formula is. 
given in its non-relativistic approximation. If the energy of.- 

fast neutrons is measured with high accuracy the relativistic 
effect must also be taken into account. In the case of a neutron” 
energy of 30 Mev the relativistic. correstion amounts to -~3 he ; 


equation F(E)dE = V(t)dt = U(t)dt. If the above given formula. 
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‘conversion of the neutron spectrum from the time into 
= 0.957.107? Ue )aB , where T is as 

at the extremity — 
e of the pulse 


measured in msec. 
corded by one... 


eo, of the flight path is recor 
dete in the counter. The moment o 
- of the following methods: 1) recording of the neutron scat--s. 
tering in an organic scintillation counter which is installed ae 
at the beginning of the flight path. 
radiation accompanying the production of . . 
reaction by: means of a counter installed near the neutron 
source. 3) The use 0 
metry of slow neutrons 0 
flight spectrometers have & 
~1 usec. The application of time-of-flight me > faat 
neutrons has been made possible only in recent years owing to... 
the development of scintillation counters wit ae 
jrouits, of wide-band 


scintillators of fast coincidence © 
a of fast triggers. The 


amplifiers and oscillographs an! 
ged somewhat behind 


technique: of producing neuvro 
: the development of fast scintillation counters and time 
-. Card 2/3 analyzers. Hence, in the beginning, spectrometers with two 
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counters predominated; which are paeed ‘upon: the ‘First: two. He Tk 
above mentioned methods of. recording the moment of departure ees 
of the neutron. There. is 1: ou? i 
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"AUTHORS: | |“ Rybekov, B. Vey Sidorov, Vi Ree 507 /98-50- 6- 14/53 
TITLE: . - 1. r Spectrometer With Two Counters : 
cane (9.1. Spektronetr 8 dvumya schetohtkamt). 


PERIODICAL: Atomnaya enereiya, 1958, Supplement, Nr 6, PP 66s 70. “(ussn) 


-. ABSTRACT: A spectrometer, ‘in which the: acatteriie of a neutron by aoe 
Secure ee counter into a counter is recorded for the determination of. the’ a 
‘departure time of the neutron has the same design as the two- 
crystal counters described in § 2., chapter II. It differs only”: 
in that respect that the principal feature is the analysis of — : 
the scattered neutrons by determining the time of flight instead 
of. the amplitude analysis of the recoil protons in the first —-:. 
counter. One of the first spectrometers. of..this type has been 
designed by A. I. Veretennikov and V. Ya, Averchenkov (Ref 3). 
The authors’ devote themselves to a closer study of the | we 
apparatus described by G.-C. Neilson and D. James (Ref 4).:The 
neutron is. scattered in the organic scintillator through the 
angle 0 and is recorded by the second counter. The neutron 
- distribution over the time of. flight is measured. The counters. ~ 
ens : consist of: two stilbene crystals and of a photomultiplier of the ~. 
Card 1/3. type RCA 6342. The pulses of the photomultiplier are then a 
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near to the 
“Notwithstanding © 
counters at a. 
er to achieve a-. 
sufficiently ers. This again - 
reduces the ef ( The width of the 


nnot be compensated by .the use of high-. 
intensity neutron sources. Ina diagram the neutron spectrum 
of the reaction Be7(djny)B!(E, = 0,8 Mev)-is shown, which has 
been recorded by a Neilson-James spectrometer with its first _ 
¢~radiation counter. Three groups of neutrons are found above a 
dense background which ig due to accidental and "wrong". 
_ ecdneidences, which correspond tothe lower excited levels of 


B ie The neutron energies determined from this information, 
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(4-20 +0040; 2.65 + 0.30; and 1.28 + 0.20 Mev, well agree with 

the energies determined with the thick photolayer method. They 
are, however, less accurate. The spectrometers with two ~ ee 
counters discussed in this paragraph exhibit in spite of their 
many shortcomings many advantages as compared to the counters 
described in § 2 of chapter II. They are particularly suited 

for the observation of several groups with different energies 

in a wide range of neutron energies, and to the n-y-correlation © 
for a single energy group above a dense background of neutrons 
with other energies. Such a spectrometer is particularly useful 


if the radiation accompanying the neutron consists of charged | 
particles. There are 3 figures. °°." SIS indigelte 
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coe cetacean ee ad (oe SESE EE ag CE 
: 2, A Spectrometer Wit oe ee 

(§ 2. Spektrometr 8 impul 


h a Pulsed Neutron Source. 
tgnyn istochnikom neytronov) 
Atomnaya energiy®, 1986,’ Supplement; We-6, pp 70-73. (USSR) oo 9 
The utilization of a modulated source for marking the moment 
of departure of the neutrons permits using only one counter 
in the time-of-flight spectrometer. This considerably increases. 
“the efficiency of the spectrometer and eliminates the limita» - 
tions imposed upon the neutron ourrent,: which are due to the 
overloading of the first counter and to accidental coincidences. . 
This modulated neutron source produces short periodic neutron: 
_ pulses, which are separated by sufficiently long intervals. The... 
difficulty in realizing such 4 spectroscopic method in the =... 
megavolt range is that a pulse duration of one m#aec is required © 
for attaining 4 sufficiently high resolving power. The technique © 
of producing ul¢rashort pulses has been developed only in most 
recent times. Only a few methods have hitherto become known of 
modulating beams. of charged particles produced by accelerators; 
so that only the target of au accelerator is used a8 & source - 
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of pulsed neutrons. Owing to the particular features encoun-. 
tered in the acceleration of fast particles a cyclotron is_ ne 
particularly well suited a8 & mnatural" pulsed source for the 
spectrometry of fast neutrons. In a figure the principal lay- 9. 
out of a modern time-of-flight spectrometer for fast neutrons 
4g shown, The main elements of this spectrometer are ‘the pulsed 
neutron source, the neutron detector, and the. time analyzere. 
When primary reactions are investigeted 4 sample is used a8 8: 
source, which emits neutrons under the irradiation with a 
pulsed. beam of mono~energe tic neutrons. This pulsed neutron f 
beam is also produced in the target of an accelerator. The 
flight length between the source and the neutron detector 

(also termed "basis" attains values of ~10 m with primary 
reactions and of ~1-m for the investigation of secondary - me 
reactions (as, for example, the non-elastic scattering of 
neutrons). The pulses of the neutron detector are then trans- = 
mitted to the input of The other input of ...° 
the ‘time analyzer. rece are synchronized with. 
the neutron pulses. Th lyzes the time the 
distribution ofthe coun espect to the control .° 
‘pulses. This distribution represents apart from a constant 


” : Card 2/3 
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time shift: the neatsor distribution over the times of flight. 
A valve governed by the signal of the amplitude selector opens : 
“only when the amplitude of the neutron counter pulse is within: 

the prescribed interval and thus permits the passage of the == 
pulse coming from the time analyzer. The amplitude selector is 
not indispensable in the spectrometer, it: only sorves ‘tol: 

determine the neutron energy. ‘There is 1 figure. ab ae 


Bona 
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‘TITLE: chapter V (Glava V o A Pulsed Neutron source (Impul! snyy - 
Ree istochnik neytronov : oe Se eee Se 
_ PERIODICAL: Atomnaya energiye, 1958, supplement, Nr 6, p74 (USSR) 


‘ABSTRACT: the time-of-flight spectrometers existing nowadays without an ==, 
ee exception use the targets of various acce ors as a pulsed ee 
neutron source. The technique 0 i rt neutron pulses 
reduces to different methods of mo ati “intensity =~ 

of charged particles. As the slowing- 6 Bear 
the target. and the nuclear reaction both take onl short.” 

time the moment of neutron emission coincides wit 

“charged par the target and hence ~~ 
he neutron pu + of the charged... 

particles pulse. puls A further -. 
diminution of. s 


scintillation co 
ed factory. The pro 
Card 1/2 is investigated in § 
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“epeti tiga: frequency is ‘about L me. 
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“PITLE: | 1. Beam Modulation of an Electrostatic Accelerator |. 


§ 1.-Modulyatsiya puchka elektrostaticheskogo uskoritelya 


- PERIODICAL: Atomnaya energiya ,1958, Supplements Nr 6, pp 14-83 (uSsR) © 


ABSTRACT: A linear accelerator anda Van de Graaf generator produce 4 

ee a : .gontinuous well focussed ion beam of a relatively low energy. 
The following simple method is often used for the modulation... 
of this beam: A pair of deflecting plates (to which a:sinusoidal’. 

“high-frequent voltage is applied) and a diaphragm periodical- 

ly interrupt the beam. “The higher the amplitude of the =. °. 

chopping frequency. is the lower the pulse length of the 925": BAS 

particles striking the target will be. If the chopping frequency — 

is raised to about 1.megacycle it can easily be reduced to . 

1 mp.sec. If. it ie desirable to have only one neutron pulse 

per high-frequency period, this can easily be attained. This 

method is much used owing to its simplicity, it has, however, 

also considerable disadvantages: The average neutron flux 

striking the target is only a small proportion of the initial 

intensity of the beam. In a diagram’ the interruptor system _ 

‘used with the Van de Graaf generator in Los Alamos is shown. © 


Gard 1/2: 
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The interruptor is. placed directly at the exit of the bean 

from the magnet. Many shortcomings of this system can be 

avoided if. the beam interruptor ig placed at the accelerator 
entrance ‘immediately behind the source. Thus the accelerator | 
is freed from a superfluous load and the ratio between the 
effect and the background is considerably increased..Some 
interruptors of thig type are portrayed in figures and dis- 
cussed. In order to increase the instantaneous flux of charged Be 
particles under: pulsed operation various methods of ion group-* | 
ing can be used. The method advanced by R. C. Mobley has aye 
hitherto never been used, as it requires ‘a deflecting voltage | 

of 100 kv and a large magnet. Another highly effective method 9° 5, 
of ion grouping due to N. N. Flerov and Ye. A. Tamanov:is dis~. 

cussed. This method has the disadvantage’ that the beam is ‘to... 

a certain extent. divergent. Finally the method of increasing ~° 

roposed by F. L. Shapiro | © 


the intensity of the neutron pulse p 
is discussed. There are 7 figures, 
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_ PITLES 2. The Utilization of the fatural Modulation of a Cyclotron 8 
tare modulyatsii puchka » oe 


Beam (§ 2. Ispol! zovaniye yestestvennoy mo 
ores tsiklotrona) SO ace 
“PERIODICAL: Atomnaya enerdy a,1958, Supplement, tir 6 


ABSTRACT; A cyclotron accelerator operates on the principle that.only . 
such particles reach the terminal radius which gyrate between 
the duants in phase with the accelerating high frequency ten- 
sion. The expulsion of the particles from the chamber by. 
means of an electrostatic deflector further narrows the use-" 
ful phase interval. Hence, the particles are emitted by the ~ 
cyclotron once within the: period of the high-frequency ten- — 
gion. The duration of this: pulse is in a constant-frequency © . 
‘eyclotron ostensibly only’ a few percent of. the high-frequency — = 
period. The. 150 cm-cyclotron of the IAE AN SSSR (Institute ae 
of Atomic Energy AS USSR) at a certain synchronization delivers 


particle pulses with a duration of 3 mi.esec.(the high-frequency 


period being 100 mp.sec). The width of the particle pulses de- 
pends upon the synchronization of the cyclotron. The pulse : 


width is known to increase with increasing amplitude of the 


_ Card 1/2 high-frequency tension and it also depends upon the deflecting rae 


, pp 93-90 (USSR) 
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the intensity of . 
most cyclotrons of . 
seen that the cyclo- ae 
‘pulsed source of neutrons.  -- 
‘dealing with a reduction of the pulse | - 
repetition frequency of the cyclotron beam are discussed. 
The intensity of the neutron flux produced by a large cyclo- 
tron is sufficient for many Spectrometrical experiments with 
fast neutrons. Such a neutron source is particularly suited 
for the spectrometry of kilovolt neutrons by means of tine~ : 
of-flight methods. There are 6 figures. ears ce 
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- Rybakov, B. V., Sidorov, VA. : 


"PERIODICAL: 


-gignals which are synchronized with the neutron pulses. The. 
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§ 3. The Determination of the "Time Marks" (§ 3. Polucheniye — 
"me tok vremeni") ah ieee: Baie SS image ee 


Atomnaya energiya, 1958, Supplement, Nr 6, pp 90-92 (USSR) 


In the flight time ‘analysis of neutrons it is necessary to. 
have "time marks" that is to say, electrical ("control") .~ 


most direct method of determining the "time marks" is to make - 
use of the energy pulses which are produced on. the target when - 
it is struck by incident particles. This method is of interest ° 
in particular with a cyclotron because by this means it is pos-"°. 
sible to eliminate its phase instability. However, it is only - 
with great difficulties that this method can be realized in 
practice and it is therefore only: rarely used. A figure shows 
the circuits used by R. Grismore and W. C. Parkinson (Ref 22). 0. 
for: the production of pulses with a target of the cyclotron: of ; 
Michigan University. The accelerated particles were completely ._ 
‘absorbed by a lead: plate. The pulses derived from the target. a 
have a duration of 20:-musec if the pulses of the incident par- —. 
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ticles have” a duration’ of vA m usec. ‘If ‘the’ ‘bean has. a medium cS 


intensity the pulse amplitude is ~~ 10 mv. Previous to being i 
transmitted to the chronotron the pulses must be amplified by a. 


broad-band ‘amplifier. A great disadvantage of such a system is 
that the pulse amplitude depends upon the beam intensity. 
Moreover, ‘with such a system stringent limitations are placed | 
upon the design of the target which in. some cases are in- 


compatible with the’ experimental requirements. If the target of — 


the accelerator is used as. a source of monochromatic neutrons 

in the’ study . of secondary processes these errors are less in- | 
fluential. Another method of.producing a control pulse is found... 
in the recording of a part of the accelerated particles by a 

fast scintillation counter which has been placed near the target. 


" Sometimes it is possible to: obtain a scintillation pulse — 


directly from a- gaseous target. A production’ of control pulses’ 


‘by means: of a-scintillation counter recording the primary 


particles- leads: to great difficulties in the time analysis as . 
such a counter: does not produce standard pulses. The amplitude 
of such: pulses’is: strongly’ dependent: upon the: beam intensity. 
The practically: most convenient method of producing control 
pulses for the determination of the "time marks" is the instal- 
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lation of an interruptor which effects the modulation of the 
beam. This. greatly. simplifies the control pulse generation as. -: 
by this means the dependence of their position and. amplitude 2 oARNE 
upon the beam intensity is completely eliminated. Por Aes oe 
cyclotron there arise still some difficulties because the phase — 
of particle emission depends upon the synchronization of the ... 
cyclotron. The uncontrollable variation of the operational data 
of the cyclotron may lead to a considerable distortion of ' 
results. When a tentative measurement was carried out with the. 
cyclotron of the IAE (Institute of Atomic Energy) it was found .. 
that the position of the y-peak varied by t10 msec if the °°. 
variation of the operational data of the cyclotron did result 

. in a variation of the beam intensity by factor not exceeding 10.” 

There: ia 1. figures: Sou eer Apes el OR gta aye 
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_Bybakor,-Br-¥ry-Sidorov, v. A. rs Seeaee te 


Chapter ‘WI r (Glave vq). The ‘Neutron Detector (Deverter Beptronor) 


Atomnaya onergiya, 1958, Supplement, Nr 6 P 94 (ssa) 


In eines of- flight apectrune tera it is customs ‘to use ane: 
organic scintillation counter for ‘the neutron detection. which aS 
records the neutrons by their recoil protons. In case of special . 
problems ‘gaseous scintillators may also be used. General . ime es 
formation on scintillation counters may be found in numerous 
handbooks and manuals (Refs 1-7). This chapter deals with the - 
most important design data of the counter - the efficiency of. 
neutron recording and the. resolution time. There are 29 ref- 


erences, 26 of which are Soviet. o 
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AUTHORS: Rybakov, B. V+; gidorovpiVer Aen ec - 
ee es ET Ba aca ator 
TITLE: — -§ 14. The Efficiency of a Counter With an Organic Scintillator 


(§ 1. Effektivnost' schetchika § organicheskim stsintillyatorom) _ 


1958, Supplement, Nr 6, pp 94-110 (USSR) 


PERIODICAL: Atomnaye energiya, 
neutrons by their recoil 


ABSTRACT: A scintillation counter recording Saas 
; protons, does not differ principally from an ionization chamber” 
en. It permits to investigate simple 


filled with gaseous hydrog 

“neutron spectra by means 0 
nuclei, as with an ionization chamber, 1 
measurenents of mono-energetic neutron fluxes. The high effi- 
ciency ‘of the scintillation counter and: the possibility of: 

- absolute. neutron flux measurements are made use of in & time- 2. 
of-flight spectrometer, where the spectrometer may be considered 
as a detector of mono-energetic neutrons. If ‘an arbitrary neutron. © 
spectrum is considered, which is usually accompanied by a. Ah 
y-radiation background a given channel. of a multichannel time 
analyzer (or a single-channel analyzer) selects only such me 
neutron pulses from the totality of counter pulses, the energy. 


Cara 1/3 of which has been determined py their time of flight. For the 


f the integral method of recoil Ag 
“and also to make absolute 
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§ 1. The Efficiency of a Counter With an Organic Scintillator. *2e ise 
efficiency of the counter with respect to neutrons with the ~ 
energy E.there holds € = nho (1 = (B/E)). In this formula n - 
denotes the number of hydrogen atoms per unit volume of the 

f the sointillator (which is 
ath) and o& the. 
(n,p) scattering. If the threshold 
DE utron energy) is — 


known, the above given formula ape 


energy function of this counter an 
egral and the differential 


ter with a stilbene crystal . 


The shape of these spectra agrees extremely we 
of the energy distribution. of the recoil protons. fhe blurring =~. 
at the upper edge of the spectrum is caused by the finite °° ras 

ying Pp ‘ ter (with respect to the amplitade) 
and the increase in the vicinity of the origin is mainly due to.» 
the non-linear dependence of the light yield of the scintillator. 
upon the proton energy. Finally several secondary effects are - ee 


Card 2/3 investigated ‘which may modify the efficienc 


APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7" 


"APPROVED FOR RELEASE: 07/19/2001 CIA-RDP86-00513R001446330003-7 


‘ake s zoet 2 POPE Sed POR ere Beate See re Sa eae Bain MeN oie Ft i pols o902 ee ct 
Sy tae 5 oS Oo aehae. owes $OV/698258-6-21/33 
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Interaction of the neutrons with the carbon nuclei, “attenuation: 
of the neutron flux in the scintillator, edge effects, multiple © 
n,p) scattering, anisotropic (n,p) scattering. Under certain ~ 
conditions (which are usually satisfied) the formula’ 9.2 2 0 3% 
€ = nh&(1-- (B/E)) is accurate with an error not exceeding 10%.- 
. The energy dependence ‘of the efficiency computed by the revised. 
ormula @= SS (10-"e6 on ©/.) ‘and its absolute value 
agree extremely well with experimental data. In this formula, 
6, denotes the cross section of the non-elastic interaction Of... 


“neutrons with ‘carbon atoms.. There are 8 figures and 2 tables. oes, 
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AUTHORS: ; Rybakovy B: Vir sidorov, ye “A ee 
suse § 2. The Resolving pime (§: 2. ‘pazroshayushchey® seas) 


PERIODICAL: | utounaye energiya) 1958». Supplement, Me 6, PP 110- 115, “(ussa) | 


ABSTRACT: ‘In order. to gimplify the: ‘considerations the athors limit ees 
ae ane selves. to the discussion of a scintillation. counter which is ees 
based ‘upon ‘a time-of-flight spectrometer- An idealized: picture 
is ‘@rawn in order to elucidate which requirements must be = 
satisfied by 4 nfast" scintillation counter. The number of: 
photoelectrons ‘contained in the pulse is considered to be 80. 
+ of all statistical effects. ee 
mult : onnected with. the input .: > 
of a trigger: : z ( of the. multiplier 
shall differ only with reapec their . 


shape peing “described by the curve > £(t) (which is. Cheee ina 
diagram). fhe moment when the trigger trips is exclusively Ga 
determined by the ‘point where . the voltage v(t) .=.V of (*) at its 


input has risen to a certain value ae ~ (threshold: 9 of ‘the trig-. ae 
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ger). The ‘authors then naveatiente a limitea range. of “‘yoltage : 

rise at the anode of vhe photomultiplier, which corresponds to. 
the dynamic. ‘amplitude range 1+ « (a 1). The _ shape of this ~ = 

curve is. determined by ‘the. following factors: 4). The. excitation. 
time of the scintillator in the energy range investigated - is 
very. small. 2) The light accumulation of. the scintillator by the” 
photocathode may,” with. a high degree of approximation, be- : 


described by: the. law e -t/he h denoting the linear dimensions oe 


of the scintillator. If h < 10cm the light ‘accumulation time is-: 
negligible. 3 3) The de- excitation of the majority of organic ; 
scintillators is described fairly well. by an exponential law. |. 
4) The .inaccuracies. of the time of flight of ‘the photoelectrons _ 
to the first dynode in general provide the main proportion of... 
the resolution time of the scintillation counter which contains. a 
a photomultiplier with a large. photocathode. 5) If the number of. 
neutrons.is multiplied. (the. basic characteristics of a multi- — 7 
plier system) the blurring of the pulse takes a shape suf- 
ficiently well approximating a Gaussian curve. The superposi- ... 
tion of these factors determines ‘the shape of the anodic cur-..°.. 
rent pulse of the photomultiplier. If coincidence circuits are’ — 
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used which incorporate germanium diodes an amplification factor _ 


of ~10° is mostly sufficient. The authors then investigate the. 
statistical limitations of the resolution time of the scintilla-_ 
tor. The following assumptions are made: 1) The time required — 
for the excitation of the scintillator and for the light ac- 
_ cumulation on the photocathode ia negligibly small. 2) The 
photomultiplier causes no time deviations. 3) The input trig-..~.. 
ger of the time analyzer trips at that moment, at which a cer-. 
‘tain number of pulses (coming from the individual photoelec- 
trons) have been accumulated at its input. If a considerable 


‘scintillator. (2) A high accumulation coefficient of photons on... 

the photocathode. 3) A high sensitivity of the photocathode: in Ly 

the ‘spectral range of the scintillator luminescence and a Es 

ao complete accumulation of the photoelectrons on the first dynode: | 

: ; 4) A low. effective threshold value ‘of the time analyzer. There ey 
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PERIODICAL: 


Rybakovs B. Vey, Sidorov, Ve As . sov/898-58-6-23/33 a 
3, The Characteristics of a Few Scintillators and Photomulti- © 
pliers (§ 3. Kharakteristiki nekotorykh staintillyatorov i ee 
fotoumnozhiteley) re ees NEE Stes HAE 


Atomnaya energiya 


- The most {mportant properties of. 
used in neutron spectrometry are compiled in a table. The rela- 
tive pulse amplitudes were measured with a photomultiplier by: 
means of small targets, the photomultiplier having an antimony- |: 
cesium photocathode and a so-called Wnean" spectral character= 
istic. These measuren ied out with 6 B-particle Mee 
excitation. In 4@ diagram versus proton energy: 
function for a atilbenecrystal is shown. The light yield and cae 
4 of the scintillators listed in the ta- 20.» 
the other scin- | 


The prevalence of one or 
al conditions. The stand- 


ard stilbenecrystals have >. a height of 2 cm oF ia 
also a diameter.of 4 cm and a height of 4 cm.. Tolan crystala. 
are available as cylinders with 10. cm diameter and 5 om height.” = 

Solutigns of terphenyl in toluene (which have the highest ini-  — 


tillator proceeds from | 
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= Photomultipliers Re a es Pear oh ae oer 
re tial de-excitation rate among the scintillators listed) are. 
uged only in gmall containers. If a aubstance is added which - 
displaces the emission spectrum of the scintillator towards eee 
greater wavelengths; the transparency and the light yield are 
increased, which etaite the uae of large-sized sointins tt ie 
The light yield of liquid.scintillators is highly dependent upon. 
the purity of the substances used, which requires their apecial . 
purification and the use of suitable container materials. Large . 
containers are often made of aluminum and are polished on the ==. 
inside. The plastic materials mentioned in the table exhibit a. 
high transparency +0 natural radiation and can be used in large 
gizes. Reference is made to more jetailed information 2 0r~ — 
ganic scintillators. Only -in most recent times (1955 = 1957) ee! 
the technique of gas scintillators has been developed in which 
the luminescence of noble gases under the action of jonizing 
particles is utilized. They have, apart from a relatively glow 
de-excitation component, (of the order.of tens of ‘mps yo 
a fast component. (+,~1 musec), which is due to the luminescence -- 
Their application is r 


of the excited atoms. 
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oy the circumstance that the luminescence spectrum of the noble 
gases is in the ultraviolet range. Most recently, however, high- 
ly effective substances causing a displacement of the spectrum: 
to the range of high sensitivity of the cathode of the photo- 
nultiplier have been found. The best among them ~ quaterphenyl =. 
has a de-excitation time of less than 8 musec and can 'be used - 
@lso in fast counters, The most valuable property of gaseous 
scintillators ‘is the fact that their light yield versus energy ae 

- function is practically independent of the specific ionization 

' and hence is equal for different particlea. This feature makes © 
gaseous scintillators highly useful for some applications in). fo 
the time-of-flight neutron spectrometry, A mixture of Xe and He - 
enriched in He is also a good scintillator. Another table con- 
tains: the most important properties of several Soviet photo- - 
multipliers used in fast counters. These photomultiplierg all - 


have a mercury-cesiun photocathode with a maximum sensitivity 


near 40008. There are 1 figure and 2 tables. - 
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TITLE: Chapter VII (Glava VII). The Time Analyzer (Vremennoy 
eee -analizator) * 


PERIODICAL: Atomnaya energiya 1958, supplenent, Nr. 6, Pp. 125 (oss) 


ABSTRACT: — In recent years. a great: unber of different tine eo yaere. ‘for. 
ae the range of millimicroseconds have been. developed and described 
The authors investigate only the main types of. time analyzers 
which can be used in neutron spectrometry. There are 28: rete ioe 

erences, 7 of which are Soviet. 
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